A previous experiment demonstrated that fibroin protein and chitosan mixed in proper proportion presented good physical and chemical properties and biological characteristics, which can make up for their respective disadvantages. To observe the growth of bone marrow mesenchymal stem cells (BMSCs) on these fibroin protein/ chitosan 3D scaffolds, induced rabbit BMSCs were seeded on fibroin protein/chitosan scaffolds. The cell adhesion rate was measured, and cell growth was observed under an inverted microscope and a scanning electron microscope. The cell adhesion rate increased with time. The inverted microscope observations showed that the cells on fibroin protein/chitosan scaffolds could not be seen clearly. As time passed, the number of cells around the stent increased and some cells stretched inside the scaffolds. Electron microscopy showed active cell growth and normal proliferation, and the granular and filamentous matrix substances could be seen around cells. The microfilaments of cell and scaffold materials were tightly connected. The cells not only grew on the surface of the adherent material, but also stretched inside of the materials. These results indicated that the fibroin protein/ chitosan mixed scaffolds have good biocompatibility.
ABSTRACT.
A previous experiment demonstrated that fibroin protein and chitosan mixed in proper proportion presented good physical and chemical properties and biological characteristics, which can make up for their respective disadvantages. To observe the growth of bone marrow mesenchymal stem cells (BMSCs) on these fibroin protein/ chitosan 3D scaffolds, induced rabbit BMSCs were seeded on fibroin protein/chitosan scaffolds. The cell adhesion rate was measured, and cell growth was observed under an inverted microscope and a scanning electron microscope. The cell adhesion rate increased with time. The inverted microscope observations showed that the cells on fibroin protein/chitosan scaffolds could not be seen clearly. As time passed, the number of cells around the stent increased and some cells stretched inside the scaffolds. Electron microscopy showed active cell growth and normal proliferation, and the granular and filamentous matrix substances could be seen around cells. The microfilaments of cell and scaffold materials were tightly connected. The cells not
INTRODUCTION
The two core materials of cartilage tissue engineering are carrier scaffolds and seed cells (Casper et al., 2010; Bhardwaj et al., 2011) . Establishing good construction between the carrier scaffolds and the seed cells is a critical factor for efficient engineering (Tritz-Schiavi et al., 2010) . Mesenchymal stem cells in the bone marrow (BMSCs) have multiple differentiation ability, can be cultured in vitro to proliferate and split stably, and can also differentiate toward chondrocytes in a specific induced environment (Frosch et al., 2006; Yang et al., 2008) . Silk fibroin and chitosan are natural materials that have good biocompatibilities (Wang et al., 2010a; Li et al., 2011) . This experiment employed silk fibroin/chitosan scaffolds that were previously shown to have good physical and chemical properties and to confer a suitable environment for cell survival. The induced chondrocyte differentiated BMSCs were seeded in the silk fibroin/chitosan scaffolds, cell growth was observed, and the compatibility of the cell materials was analyzed to explore the feasibility of using silk fibroin/chitosan scaffolds as cell carriers for cartilage tissue repair.
MATERIAL AND METHODS

Experimental design
The mixed culture experiments were performed with scaffolds and cells in vitro in the central laboratory of Zunyi Medical College between December 2010 and August 2011.
Experimental animals
Twelve male and female New Zealand white rabbits of clean grade were provided by Kunming Medical College. Rabbits were 2.5 months of age with an average body mass of 3.0 ± 0.2 kg. The license numbers for laboratory animal production and use were SCXK (Yunnan 
Silk fibroin/chitosan scaffold materials preparation
The prepared 3 mm tall, 5 mm in diameter cylindrical scaffolds were ultraviolet (UV)-irradiated for 40 min and immersed in 75% ethanol for 30 min. They were taken out, washed several times with phosphate-buffered saline, and then UV-irradiated for 30 min. Then they were immersed in 10% fetal bovine serum medium for 24 h for further use.
Rabbit BMSC isolation, purification, culture, amplification, induction, and identification
To separate and purify BMSCs, the rabbits' femur bone marrow underwent gradient centrifugation and the adherent growth method (Redzić et al. 2010) . When the cells were amplified and cultured to the 3rd generation, they were added to the induced solution (10 μg/L transforming growth factor-β1, 50 μg/L ascorbic acid, 40 μg/L dexamethasone, and high glucose Dulbecco's modified Eagle's medium) for induced culture for 14 days. BMSCs were detected using collagen type II and glycosaminoglycan indicators to determine whether or not they were chondrocyte differentiated.
Vaccinated composition of the cell and scaffold materials
After 14 days of induction, the 3rd generation BMSCs were digested, centrifuged, and adjusted to obtain a cell suspension at a 1.3 x 10 8 cells/L concentration. They were then seeded in silk fibroin/chitosan scaffold culture plates as the experimental group, and cells inoculated in pure culture plates were taken as the control group. All cells were cultured in a CO 2 incubator. At 2, 4, and 6 h after inoculation, the cells were counted to calculate the adhesion rate between the cells and scaffolds.
After 14 days of induction, the 3rd generation BMSCs were digested, centrifuged, and adjusted to obtain a cell suspension at a 1.4 x 10 11 cells/L concentration. The whole medium soaked scaffolds were put into 24-well plates, and the liquid in the scaffolds was sucked out. A 90-μL cell suspension was seeded on the scaffolds in the cell incubator for 4 h of culture. The scaffolds were then taken out and flipped to another side with 70 μL cell suspension on the surface. They were placed in the culture incubator for 3 h. The complete medium was added to immerse the scaffolds. They were placed in a cell incubator and the culture medium was changed every 2 days.
Inverted microscope observations
The growing conditions and morphological changes of the cells in the scaffolds were observed daily under an inverted microscope.
Scanning electron microscope observations
At 1, 3, and 5 days after cell inoculation, one specimen was randomly taken out and observed, respectively. The specimen was fixed with 2.5% glutaraldehyde, dehydrated with gradient ethanol, dried at critical points, sprayed gold with the ion-sputtering instrument, and observed with scanning electron microscopy.
Main outcomes measurements
The growth and adhesion of BMSCs on silk fibroin/chitosan scaffolds were recorded.
Statistical analysis
The SPSS13.0 statistical software was used to process and analyze the results. Data are reported as means ± SD and the two groups were compared using the Student's t-test. P < 0.05 represented statistically significant differences.
RESULTS
Culture and induction of isolated BMSCs
At 48 h in the primary generation, the cells showed the short and rod shape that grew adherent to the wall, the quantity of the cells was limited, and many blood cells were floating in the medium, as shown in Figure 1A . The first generation cells showed the fusiform and irregular shape, the cells grew well, and the number of blood cells floating in the medium significantly decreased as shown in Figure 1B . The second generation cells showed the fusiform shape and grew adherent to the wall, the cell proliferation was active, and the cells grew rapidly as shown in Figure 1C . The morphology of third generation cells was consistent with that of the second generation cells, showing the fusiform or irregular shape, and the proliferation was fast and the cells grew well as shown in Figure 1D . The collagen II histochemical detection (Figure 2 ) and the toluidine blue detecting cosaminoglycans ( Figure 3) were both positive in the third generation cells. 
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Cells and scaffolds adhesion rate detection
The experimental results showed that the cell adhesion increased with time, and was significantly higher in the experimental group compared to the control group (P < 0.05) ( Table 1 ). 
BMSCs growth on the scaffolds under the inverted microscope
Under the inverted microscope, the scaffolds were not translucent and the cells could not be seen clearly. A large number of round cell suspensions could be seen around the scaffolds surrounding the medium during the inoculation. One day later, the short spindle cells were adherent to the wall at the bottom of the plates around the scaffolds ( Figure 4A ). Three days later, the number of cells around the scaffolds increased, which were closer to the scaffolds, and a larger number of the cells showed the long spindle shape. Five days later, the cell density increased significantly around the scaffolds, which were closer to the edge of the scaffolds, there was a greater density of cells, the cells tended to grow inside the scaffolds, and the cells' morphology was long and spindle shaped ( Figure 4B ). 
BMSCs growth on the scaffolds under the electron microscope
One day after inoculation, electron microscopy revealed that there were scattered round cells attached to the silk fibroin/chitosan scaffolds, there were a lot of bumps on the surface of the cells, the microfilaments and scaffolds materials were connected, and there were a small number of particles observed around the cells ( Figure 5A ). Three days later, a large number of cells adhered to the surface and pore of scaffolds. The cell growth was exuberant 
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and the proliferation was active. The granular and filamentous matrix substances could be seen surrounding cells. The microfilaments of cells were closely connected with the scaffold materials ( Figure 5B ). Five days later, a large number of cells could be seen adhered to the surface and pore of scaffolds, which outnumbered other cells. The cell growth and proliferation were active, and the cell morphology changed from round to long spindle or oval. They grew from the cell surface to the scaffolds pores. The microfilaments allowed the cells to suspend in the pores of the scaffolds ( Figure 5C and D). 00kX) ; B. Cells on the scaffold 3 days were observed by scanning electron microscope (1.00kX); C. Cells on the scaffold 5 days were observed by scanning electron microscope (1.20kX); D. Cells on the scaffold 5 days were observed by scanning electron microscope (2.00kX). Note: A and B showed the growth of the cells which were seeded in the SF-CS scaffolds at 1 day and 3 days under the electron microscopy respectively. C and D showed the growth of the cells which were seeded in the SF-CS scaffolds at 5 days under the electron microscopy respectively. A. 1.00kX, B. 1.00kX, C. 2.00kX, D. 2.00kX.
DISCUSSION
The silk fibroin protein extracted from silk has advantages of non-toxicity, non-stimu-
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lation, good biocompatibility, cell adsorption, and biodegradation (Redzić et al., 2010) . It has broad application prospects in the biomedical field such as surgery sutures, wound protection materials, artificial blood vessels, artificial tendons, drug sustained-release, and anti-clotting substances (Jiang et al., 2006; Rockwood et al., 2011) . Chitosan is the deacetylated product of chitin, and has advantages of non-toxicity, odorlessness, absorbance, easy processing, and good biological features (Hines and Kaplan, 2011) . Chitosan has been widely used for biomedical material engineering such as artificial skin, absorbable sutures, hemostatic sponges, anti-adhesion agents, cartilage repair, and sustained-released drug membranes (Shi et al., 2006; Wang et al., 2010a) . The fibroin protein and chitosan are also widely applied in tissue engineering scaffolds; however, when used alone some shortcomings are apparent. Therefore, the two were mixed to make scaffolds for soft tissue repair, and positive research outcomes were achieved (Silva et al., 2008; Gunbeyaz et al., 2010) . In previous experiments, our research team found that mixing fibroin protein and chitosan in the right proportions could make up for their individual disadvantages. The physical and chemical properties and biological characteristics of the scaffolds may meet the cartilage tissue engineering requirements and show no cytotoxicity. Here, through the observation of the growth of the cells on the scaffolds, we explored the feasibility of this scaffold as a seed cell carrier.
In this study, a purely physical detection method was adapted to detect the cells and scaffolds building, which had the advantage of objectivity, sensitivity, and reproducibility. Furthermore, the experiment was performed in vitro to exclude the impact of complex factors in the body, thus reflecting the adhesion of cells and scaffold materials more directly. The adhesion of cells and scaffold materials increased with time, and the cell adhesion rate in the experimental group was higher than that in the control group. The inverted microscope observations showed that the cell numbers increased at the edge of the scaffolds every day, moving increasingly closer to the scaffolds. There was a tendency for cells to move deeper in scaffolds over time. The experimental results showed that this scaffold had good cell compatibility and could promote the proliferation of cells.
Scanning electron microscopy is widely used in observations of scaffold microstructure and growth of cells in the scaffolds. It has the advantages of simple preparation procedures, strong intuitivism, and can also reflect cell growth on the scaffolds clearly and accurately (Altman et al., 2009) . In this study, the fibroin protein/chitosan composite and induced stem cells were combined and cultured in vitro. Scanning electron microscope observations revealed that the cells grew actively on scaffolds, the cells' proliferation was normal, and the cell and the scaffold materials were well connected. There were a large number of cells observed in the scaffold pores, suggesting that the scaffold materials could provide a suitable environment for the cells' proliferation. The cells not only grew on the materials' surfaces, but also extended into the materials. We also observed cells in the pores, which indicated that the scaffold aperture size was suitable for providing the space for cell growth and efficient channels for nutrients to reach the cells. In addition, we observed granular and filamentous matrix materials in surrounding cells, which could be the polysaccharides or proteins secreted by the cartilage cells that the stem cells transformed into. These results showed that the scaffold material had good biocompatibility that could provide a suitable three-dimensional environment for cell growth, and might also promote cell proliferation and differentiation.
The experimental results demonstrated that fibroin protein/chitosan scaffolds would serve as a good implanter. This is most likely due to the fact that the fibroin protein and chitosan are natural materials with good cell compatibility as scaffolds, so that mixing the two with a physical method retains their respective advantages. Chitosan has a hydrophilic chemical group and is the only positively charged natural material (Muzio et al., 2010 ) that can provide good adhesion with negatively charged cells. Chitosan also has antibacterial effects that can provide a sterile environment for cell growth (Aimin et al., 1999; Makhlof et al., 2010; Wang et al., 2011) . Previous experiments confirmed the strong absorbent ability of the fibroin protein/chitosan scaffolds, allowing cells to be absorbed in the scaffolds during the vaccination.
Because the results of the study were based only on in vitro experiments, the efficacy of these scaffolds for induced stem cells to repair cartilage defects in organisms remains to be the investigated.
